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(57) ABSTRACT 

A photovoltaic apparatus includes a ?rst photoelectric con 
version portion so formed on an insulating surface of a sub 
strate as to cover a ?rst substrate electrode and a second 

substrate electrode isolated from each other by a ?rst groove, 
a second photoelectric conversion portion formed on the sur 
face of the ?rst photoelectric conversion portion through a 
conductive intermediate layer, a ?rst back electrode and a 
second back electrode formed on the surface of said second 
photoelectric conversion portion and a connecting passage 
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PHOTOVOLTAIC APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a photovoltaic apparatus, 

and more particularly, it relates to a photovoltaic apparatus 
comprising a conductive intermediate layer betWeen a plural 
ity of photoelectric conversion portions. 

2. Description of the Background Art 
A photovoltaic apparatus comprising a conductive inter 

mediate layer betWeen a plurality of photoelectric conversion 
units (photoelectric conversion portions) is knoWn in general, 
as disclosed in Japanese Patent Laying-Open No. 2002 
118273, for example. 

In the photovoltaic apparatus disclosed in the aforemen 
tioned Japanese Patent Laying-Open No. 2002-118273, ?rst 
and second transparent electrodes are formed on a substrate at 
a prescribed interval, While a ?rst photoelectric conversion 
unit is formed on the ?rst and second transparent electrodes. 
A second photoelectric conversion unit is formed on the ?rst 
photoelectric conversion unit through a conductive interme 
diate layer. First and second back electrodes are arranged on 
the second photoelectric conversion unit to correspond to the 
aforementioned ?rst and second transparent electrodes 
respectively. The ?rst back electrode is electrically connected 
to the second transparent electrode through a groove so 
formed as to pass through the second photoelectric conver 
sion unit, the intermediate layer and the ?rst photoelectric 
conversion unit. 

In the photovoltaic apparatus disclosed in the aforemen 
tioned. Japanese Patent Laying-Open No. 2002-118273, 
hoWever, the ?rst back electrode is in contact With the con 
ductive intermediate layer in the groove, to disadvanta 
geously result in an electrical short circuit betWeen the ?rst 
back electrode and the intermediate layer. 

SUMMARY OF THE INVENTION 

The present invention has been proposed in order to solve 
the aforementioned problem, and an object thereof is to pro 
vide a photovoltaic apparatus, comprising a conductive inter 
mediate layer betWeen a plurality of photoelectric conversion 
portions, capable of suppressing an electrical short circuit 
betWeen a back electrode and the intermediate layer. 

In order to attain the aforementioned object, a photovoltaic 
apparatus according to an aspect of the present invention 
comprises a substrate having an insulating surface, a ?rst 
substrate electrode and a second substrate electrode formed 
on the insulating surface of the substrate and isolated from 
each other by a ?rst groove, a ?rst photoelectric conversion 
portion so formed as to cover the ?rst substrate electrode and 
the second substrate electrode, a second photoelectric con 
versionpor‘tion formed on the surface of the ?rst photoelectric 
conversion portion through a conductive intermediate layer, a 
?rst back electrode and a second back electrode, formed on 
the surface of the second photoelectric conversion portion, 
corresponding to the ?rst substrate electrode and the second 
substrate electrode respectively, and a connecting passage 
portion for electrically connecting the ?rst substrate electrode 
and the second back electrode, provided at a prescribed inter 
val from the side surface of the intermediate layer. 

In the photovoltaic apparatus according to the aforemen 
tioned aspect, as hereinabove described, the connecting pas 
sage portion for electrically connecting the ?rst substrate 
electrode and the second back electrode is provided at the 
prescribed interval from the side surface of the intermediate 
layer, Whereby the connecting passage portion and the inter 
mediate layer can be electrically isolated from each other. 
Therefore, the second back electrode and the intermediate 
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2 
layer can be electrically isolated from each other. Thus, the 
second back electrode can be inhibited from an electrical 
short circuit With the intermediate layer. 
The photovoltaic apparatus according to the aforemen 

tioned aspect preferably further comprises a second groove so 
provided as to isolate at least the intermediate layer to expose 
the inner side surface of the intermediate layer and cover at 
least the inner side surface closer to the ?rst groove of 
exposed the intermediate layer With the second photoelectric 
conversion portion, and a third groove so formed as the con 
necting passage portion at a position spaced at a prescribed 
interval through the second photoelectric conversion portion 
inside the second groove from the inner side surface closer to 
the ?rst groove of the intermediate layer, as to expose the 
surface of the ?rst substrate electrode. According to this struc 
ture, the third groove as the connecting pas sage portion can be 
formed at the prescribed interval from the side surface of the 
intermediate layer by the second photoelectric conversion 
portion. Thus, the third groove and the intermediate layer can 
be electrically insolated from each other, Whereby the second 
back electrode and the intermediate layer can be electrically 
isolated from each other. 

In this case, the photovoltaic apparatus preferably further 
comprises a fourth groove for electrically isolating the ?rst 
back electrode and the second back electrode from each other, 
formed on a region on the side opposite to the ?rst groove With 
respect to the third groove, Wherein the second back electrode 
preferably ?lls up the third groove formed at a position spaced 
at a prescribed interval from the inner side surface of the 
intermediate layer exposed in the second groove and is pref 
erably electrically connected to the ?rst substrate electrode by 
coming into contact With the surface of the ?rst substrate 
electrode exposed in the third groove. According to this struc 
ture, the second back electrode ?lling up the third groove 
electrically isolated from the intermediate layer can be inhib 
ited from an electrical short circuit With the intermediate layer 
While the second back electrode and the ?rst substrate elec 
trode can be electrically connected to each other. 

In the aforementioned structure comprising the fourth 
groove, the fourth groove is preferably formed so as not to cut 
the intermediate layer. According to this structure, particles of 
the conductive intermediate layer can be prevented from ?y 
ing in all directions When the fourth groove is formed dis 
similarly to a case Where a groove cutting the intermediate 
layer is provided. Therefore, the conductive particles can be 
prevented from adhering to the inner side surface of the fourth 
groove. Thus, the ?rst back electrode can be prevented from 
an electrical short circuit With the intermediate layer resulting 
from adhesion of the conductive particles to the inner side 
surfaces of the fourth groove. 

In this case, the fourth groove is preferably formed inside a 
region formed With the second groove. According to this 
structure, the fourth groove can be reliably so formed so as not 
to cut the intermediate layer. 

In the aforementioned structure in Which the fourth groove 
is formed inside the region formed With the second groove, 
the fourth groove may be so formed as to isolate the ?rst back 
electrode and the second back electrode from each other, and 
preferably pass through the second photoelectric conversion 
portion to expose the surface of the ?rst substrate electrode. 

In the aforementioned structure comprising the fourth 
groove, the fourth groove is preferably formed at a position 
spaced at a prescribed interval through the second photoelec 
tric conversion portion inside the second groove from the 
inner side surface on the side opposite to the ?rst groove of the 
intermediate layer exposed in the second groove. According 
to this structure, the fourth groove can be easily formed With 
out cutting the intermediate layer. 

In the aforementioned structure comprising the second 
groove and the third groove, the inner side surface on the side 
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opposite to the ?rst groove of the intermediate layer exposed 
in the second groove is preferably also covered With the 
second photoelectric conversion portion. Thus, the inner side 
surface on the side opposite to the ?rst groove of the interme 
diate layer can be spaced from the second back electrode at 
the prescribed interval, Whereby an electrical short circuit 
betWeen the inner side surface on the side opposite to the ?rst 
groove of the intermediate layer and the second back elec 
trode can be inhibited. 

In this case, the second photoelectric conversion portion 
may be so formed as to cover the inner side surface on the side 
opposite to the ?rst groove of the ?rst photoelectric conver 
sion portion exposed in the second groove in addition to the 
inner side surface on the side opposite to the ?rst groove of the 
intermediate layer exposed in the second groove. 

In the aforementioned structure comprising the second 
groove and the third groove, the second photoelectric conver 
sion portion may be so formed as to cover the inner side 
surface closer to the ?rst groove of the ?rst photoelectric 
conversion portion exposed in the second groove in addition 
to the inner side surface closer to the ?rst groove of the 
intermediate layer exposed in the second groove. 

In the aforementioned structure comprising the second 
groove and the third groove, the second groove may be so 
formed as to pass through the intermediate layer and the ?rst 
photoelectric conversion portion and expose the surface of the 
?rst substrate electrode. 

The photovoltaic apparatus according to the aforemen 
tioned aspect preferably further comprises a ?fth groove so 
formed as to electrically isolate the ?rst back electrode and 
the second back electrode from each other and pass through 
the second photoelectric conversion portion, the intermediate 
layer and the ?rst photoelectric conversion portion, and 
including the connecting passage portion, an insulating mem 
ber so formed as to cover at least the intermediate layer of the 
inner side surface on the side of the second back electrode of 
the ?fth groove, and a conductive member electrically con 
nected to the ?rst substrate electrode With a surface exposed 
and electrically connected to the second back electrode across 
the insulating member in the connecting passage portion 
located at a prescribed interval through the insulating member 
from the inner side surface on the side of the second back 
electrode of the ?fth groove. According to this structure, the 
conductive member formed in the ?fth groove including the 
connecting passage portion and the intermediate layer can be 
electrically isolated from each other by the insulating mem 
ber, Whereby the second back electrode and the intermediate 
layer can be electrically isolated from each other. Thus, the 
second back electrode can be inhibited from an electrical 
short circuit With the intermediate layer. 

In this case, the insulating member is preferably so formed 
as to cover the overall inner side surface on the side of the 
second back electrode of the ?fth groove. According to this 
structure, the intermediate layer and the conductive member 
can be reliably electrically isolated from each other by the 
insulating member. 

In the aforementioned structure comprising the conductive 
member electrically connected to the second back electrode 
across the insulating member, the upper surface of the insu 
lating member may be so formed as to project upWard beyond 
the upper surface of the second back electrode. 

In the aforementioned structure comprising the conductive 
member electrically connected to the second back electrode 
across the insulating member, the ?fth groove preferably 
includes a sixth groove for electrically isolating the ?rst back 
electrode and the conductive member in a region closer to the 
?rst back electrode in the ?fth groove, and forming a pre 
scribed interval betWeen the conductive member formed in 
the connecting passage portion and the inner side surface on 
the side of the ?rst back electrode of the intermediate layer. 
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4 
According to this structure, the inner side surface on the side 
of the ?rst back electrode of the intermediate layer and the 
conductive member can be electrically isolated from each 
other, Whereby an electrical short circuit betWeen the inner 
side surface on the side of the ?rst back electrode of the 
intermediate layer and the conductive member can be inhib 
ited. 

In this case, the sixth groove may be so formed as to pass 
through the ?rst back electrode, the second photoelectric 
conversion portion, the intermediate layer and the ?rst pho 
toelectric conversion portion and expose the surface of the 
?rst substrate electrode. 

In the photovoltaic apparatus according to the aforemen 
tioned aspect, the intermediate layer has a function of partly 
re?ecting and partly transmitting light incident from the side 
of the substrate. 
The foregoing and other objects, features, aspects and 

advantages of the present invention Will become more appar 
ent from the folloWing detailed description of the present 
invention When taken in conjunction With the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional vieW shoWing the structure of a pho 
tovoltaic apparatus according to a ?rst embodiment of the 
present invention; 

FIGS. 2 to 9 are sectional vieWs for illustrating a process of 
manufacturing the photovoltaic apparatus according to the 
?rst embodiment shoWn in FIG. 1; 

FIG. 10 is a sectional vieW shoWing the structure of a 
photovoltaic apparatus according to comparative example 1 
With respect to the ?rst embodiment of the present invention; 

FIG. 11 is a sectional vieW shoWing the structure of a 
photovoltaic apparatus according to a second embodiment of 
the present invention; and 

FIGS. 12 to 14 are sectional vieWs for illustrating a process 
of manufacturing the photovoltaic apparatus according to the 
second embodiment shoWn in FIG. 11. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiments of the present invention are noW described 
With reference to the draWings. 

(First Embodiment) 
The structure of a photovoltaic apparatus 1 according to a 

?rst embodiment of the present invention is noW described 
With reference to FIG. 1. 
As shoWn in FIG. 1, the photovoltaic apparatus 1 according 

to the ?rst embodiment comprises a substrate 2, substrate 
electrodes 3a and 3b, a photoelectric conversion unit 4, an 
intermediate layer 5, another photoelectric conversion unit 6 
and back electrodes 7a and 7b. This photovoltaic apparatus 1 
according to the ?rst embodiment is formed by serially con 
necting a plurality of units With each other in a direction along 
the main surface of the substrate 2. The structure of the 
photovoltaic apparatus 1 is noW described in detail. 
The substrate 2, having an insulating surface, consists of 

translucent glass. This substrate 2 has a thickness of about 1 
mm to about 5 mm. The substrate electrodes 3a and 3b iso 
lated from each other by a groove 30 are formed on the upper 
surface of the substrate 2. The substrate electrodes 3a and 3b, 
each having a thickness of about 800 nm, consist of TCO 
(transparent conductive oxide) such as tin oxide (SnO2) hav 
ing conductivity and translucency. The substrate electrodes 
3a and 3b are examples of the “?rst substrate electrode” and 
the “second substrate electrode” in the present invention 
respectively, and the groove 30 is an example of the “?rst 
groove” in the present invention. 



US 8,115,094 B2 
5 

The photoelectric conversion unit 4 consisting of a p-i-n 
amorphous silicon semiconductor is formed on the upper 
surfaces of the substrate electrodes 3a and 3b. This photo 
electric conversion unit 4 of the p-i-n amorphous silicon 
semiconductor is constituted of a p-type hydrogenated amor 
phous silicon carbide (a-SiCzH) layer having a thickness of 
about 10 nm to about 20 nm, an i-type hydrogenated amor 
phous silicon (a-SizH) layer having a thickness of about 250 
nm to about 350 nm and an n-type hydrogenated amorphous 
silicon layer having a thickness of about 20 nm to about 30 
nm. The photoelectric conversion unit 4 is formed on the 
upper surface of the substrate electrode 311 to have a groove 4a 
and ?ll up the groove 30. The photoelectric conversion unit 4 
of the amorphous silicon semiconductor is formed for absorb 
ing light of a relatively short Wavelength. This photoelectric 
conversion unit 4 is an example of the “?rst photoelectric 
conversion portion” in the present invention. 

The intermediate layer 5 having a groove 511 on regions 
corresponding to the groove 4a is formed on the upper surface 
of the photoelectric conversion unit 4. This intermediate layer 
5 has a thickness of about 10 nm to about 500 nm. The 
intermediate layer 5 consists of TCO such as Zinc oxide 
(ZnO) having conductivity With a function of partly re?ecting 
and partly transmitting light incident from the side of the 
substrate 2. The intermediate layer 5 also has a function of 
increasing the quantity of light passing through the photo 
electric conversion unit 4 by partly re?ecting the light inci 
dent from the side of the substrate 2. Therefore, an output 
current of the photoelectric conversion unit 4 can be increased 
Without increasing the thickness thereof. In other Words, the 
output current of the photoelectric conversion unit 4 can be 
increased While suppressing photo-deterioration remarkably 
increased in response to the thickness of the photoelectric 
conversion unit 4 of the amorphous silicon semiconductor. 
Thus, the output currents of the photoelectric conversion units 
4 and 6 can be balanced. 

According to the ?rst embodiment, the grooves 411 and 5a 
constitute a groove 20a for electrically isolating portions of 
the intermediate layer 5. The groove 20a is an example of the 
“second groove” in the present invention. 

According to the ?rst embodiment, the photoelectric con 
version unit 6 of a p-i-n microcrystalline silicon semiconduc 
tor is formed on the upper surface of the intermediate layer 5. 
This photoelectric conversion unit 6 of the p-i-n microcrys 
talline silicon semiconductor is constituted of a p-type hydro 
genated microcrystalline silicon (uc-SizH) layer having a 
thickness of about 10 nm to about 20 nm, an i-type hydroge 
nated microcrystalline silicon layer having a thickness of 
about 1500 nm to about 2000 nm and an n-type hydrogenated 
microcrystalline silicon layer having a thickness of about 20 
nm to about 30 nm. The photoelectric conversion unit 6 is 
formed to cover both inner side surfaces of the groove 20a and 
has grooves 611 and 6b in a region formed With the groove 20a. 
The photoelectric conversion unit 6 of the p-i-n microcrys 
talline silicon semiconductor is formed for absorbing light of 
a relatively long Wavelength. The groove 6a is formed at a 
position spaced at a prescribed interval through the photo 
electric conversion unit 6 inside the groove 2011 from the inner 
side surface closer to the groove 30 of the groove 2011, so as to 
expose the substrate electrode 3a. The photoelectric conver 
sion unit 6 is an example of the “second photoelectric con 
version portion” in the present invention, and the groove 60 is 
an example of the “third groove” and the “connecting passage 
portion” in the present invention. 

The back electrodes 7a and 7b isolated from each other by 
a groove 70 formed on a region corresponding to the groove 
6b are formed on the upper surface of the photoelectric con 
version unit 6. The back electrodes 7a and 7b, each having a 
thickness of about 200 nm to about 400 nm, consist of a metal 
material mainly composed of silver (Ag). These back elec 

20 

25 

30 

35 

40 

45 

50 

55 

65 

6 
trodes 7a and 7b have a function of re?ecting light incident 
from the loWer surface of the substrate 2 to reach the back 
electrodes 7a and 7b, thereby reintroducing the same into the 
photoelectric conversion units 4 and 6. The back electrode 711 
?lls up the groove 6a and comes into contact With the surface 
of the substrate electrode 311 exposed in the groove 6a, 
Whereby the back electrode 711 is electrically connected to the 
substrate electrode 3a. Thus, the substrate electrode 311 and 
the back electrode 7b of the adjacent unit are serially con 
nected With each other. The back electrodes 7a and 7b are 
examples of the “?rst back electrode” and the “second back 
electrode” in the present invention respectively. 

According to the ?rst embodiment, the grooves 6b and 7d 
constitute a groove 20b for electrically isolating the back 
electrodes 7a and 7b from each other. The groove 20b is 
formed in a region formed With the groove 20a. The groove 
20b is formed at a position spaced at a prescribed interval 
through the photoelectric conversion unit 6 inside from the 
inner side surface on the side opposite to the groove 30 of the 
groove 2011 so as to expose the substrate electrode 3a. The 
groove 20b is an example of the “fourth groove” in the present 
invention. 
A process of manufacturing the photovoltaic apparatus 1 

according to the ?rst embodiment of the present invention is 
noW described With reference to FIGS. 1 to 9. 
As shoWn in FIG. 2, a substrate electrode 3 of tin oxide 

having a thickness of about 800 nm is formed on the insulat 
ing upper surface of the substrate 2 by thermal CVD (chemi 
cal vapor deposition). 
As shoWn in FIG. 3, the groove 30 is formed by scanning 

the substrate electrode 3 With a fundamental Wave LBl of an 
Nd:YAG laser having a Wavelength of about 1064 nm, an 
oscillation frequency of about 20 kHZ and average poWer of 
about 14.0 W from above. Thus, the substrate electrode 3 is 
separated into the substrate electrodes 3a and 3b through the 
groove 30. 
As shoWn in FIG. 4, the photoelectric conversion unit 4 of 

the amorphous silicon semiconductor is formed by succes 
sively forming the p-type hydrogenated amorphous silicon 
carbide layer having the thickness of about 10 nm to about 20 
nm, the i-type hydrogenated amorphous silicon layer having 
the thickness of about 250 nm to about 350 nm and the n-type 
hydrogenated amorphous silicon layer having the thickness 
of about 20 nm to about 30 nm on the upper surfaces of the 
substrate electrodes 3a and 3b by plasma CVD. At this time, 
the photoelectric conversion unit 4 is embedded in the groove 
30. Thereafter the intermediate layer 5 of Zinc oxide having 
the thickness of about 10 nm to about 500 nm is formed on the 
upper surface of the photoelectric conversion unit 4 by sput 
tering. 
As shoWn in FIG. 5, the groove 20a constituted of the 

grooves 4b and 5b is formed to be adjacent to the groove 30 by 
scanning the photoelectric conversion unit 4 and the interme 
diate layer 5 With second harmonics LB2 of an Nd:YAG laser 
having a Wavelength of about 532 nm, an oscillation fre 
quency of about 12 kHZ and average poWer of about 230 mW 
from the side of the substrate 2. 

Thereafter, as shoWn in FIG. 6, the photoelectric conver 
sion unit 6 of the microcrystalline silicon semiconductor is 
formed by successively forming the p-type hydrogenated 
microcrystalline silicon layer having the thickness of about 
10 nm to about 20 nm, the i-type hydrogenated microcrystal 
line silicon layer having the thickness of about 1500 nm to 
about 2000 nm and the n-type hydrogenated microcrystalline 
silicon layer having the thickness of about 20 nm to about 30 
nm on the upper surface of the intermediate layer 5 by plasma 
CVD. At this time, the photoelectric conversion unit 6 is 
embedded in the groove 20a. 
As shoWn in FIG. 7, the groove 6a is formed at the position 

spaced at the prescribed interval through the photoelectric 
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conversion unit 6 inside from the inner side surface closer to 
the groove 30 of the groove 2011 by scanning the photoelectric 
conversion unit 6 With second harmonics LB3 of an Nd:YAG 
laser having a Wavelength of about 532 nm, an oscillation 
frequency of about 12 kHZ and average poWer of about 230 
mW from the side of the substrate 2. 

Thereafter, as shoWn in FIG. 8, the back electrode 7, having 
the thickness of about 200 nm to about 400 nm, of the metal 
material mainly composed of silver is formed on the upper 
surface of the photoelectric conversion unit 6 by sputtering. 
At this time, the back electrode 7 is embedded in the groove 
611. 
As shoWn in FIG. 9, the groove 20b constituted of the 

grooves 6b and 7c is formed at the position spaced at the 
prescribed interval through the photoelectric conversion unit 
6 inside from the inner side surface on the side opposite to the 
groove 30 of the groove 2011 by scanning the photoelectric 
conversion unit 6 and the back electrode 7 With second har 
monics LB4 of an Nd:YAG laser having a Wavelength of 
about 532 nm, an oscillation frequency of about 12 kHZ and 
average poWer of about 230 mW from the side of the substrate 
2. Thus, the back electrode 7 is separated into the back elec 
trodes 7a and 7b through the groove 20a. 

According to the ?rst embodiment, as hereinabove 
described, the groove 611 for electrically connecting the sub 
strate electrode 311 and the back electrode 7b is provided at the 
prescribed interval through the photoelectric conversion unit 
6 inside the groove 20a from the inner side surface closer to 
the groove 30 of the intermediate layer 5, Whereby the back 
electrode 7b ?lling up the groove 611 can be electrically iso 
lated from the portion of the intermediate layer 5. Thus, the 
back electrode 7b can be inhibited from an electrical short 
circuit With the portion of the intermediate layer 5. 

According to the ?rst embodiment, the groove 20b not 
cutting the intermediate layer 5 is provided, Whereby particles 
of the conductive intermediate layer 5 can be prevented from 
?ying in all directions When the groove 20b is formed dis 
similarly to a case Where an groove cutting the intermediate 
layer is provided. Therefore, the conductive particles can be 
prevented from adhering to the inner side surfaces of the 
groove 20b. Thus, the back electrode 711 can be prevented 
from an electrical short circuit With the portions of the inter 
mediate layer 5 resulting from adhesion of the conductive 
particles to the inner side surfaces of the groove 20b. 

According to the ?rst embodiment, the groove 20b is pro 
vided at the position spaced at the prescribed interval through 
the photoelectric conversion unit 6 inside from the inner side 
surface opposite to the side of the groove 30 of the groove 20a, 
Whereby the groove 20b can be easily formed Without cutting 
the intermediate layer 5. 
An experiment conducted for con?rming the aforemen 

tioned effects of the ?rst embodiment is noW described. In this 
con?rmatory experiment, photovoltaic apparatuses 1 and 101 
according to Example 1 and comparative example 1 Were 
prepared as folloWs: 

First, the photovoltaic apparatus 1 according to Example 1 
Was prepared as shoWn in FIG. 1, through the manufacturing 
process employed in the ?rst embodiment. The photovoltaic 
apparatus 101 according to comparative example 1 Was pre 
pared to have a structure shoWn in FIG. 10. At this time, a 
photoelectric conversion unit 104, an intermediate layer 105, 
another photoelectric conversion unit 106 and back elec 
trodes 107a and 107b of the photovoltaic apparatus 101 
according to comparative example 1 Were so formed as to 
have the same thicknesses and compositions as those of a 
photoelectric conversion unit 4, an intermediate layer 5, 
another photoelectric conversion unit 6 and back electrodes 
7a and 7b of the photovoltaic apparatus 1 according to 
Example 1 respectively. Further, the photovoltaic apparatus 
101 according to comparative example 1 Was formed With 
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8 
grooves 120a and 120b corresponding to grooves 611 and 20b 
of the photovoltaic apparatus 1 according to Example 1 
respectively. According to comparative example 1, the back 
electrode 107b Was directly embedded in the groove 12011, to 
be electrically connected to a substrate electrode 3a. The 
groove 120b electrically isolates the back electrodes 107a and 
107b from each other While electrically isolating portions of 
the intermediate layer 105 from each other. 
As to the photovoltaic apparatuses 1 and 101 prepared 

according to the aforementioned Example 1 and comparative 
example 1, open circuit voltages (Voc), short circuit currents 
(Isc), ?ll factors (FE), maximum poWer levels (Pmax) and 
conversion e?iciency levels (Eff.) Were measured and the 
results of the measurements Were standardized With those of 
the photovoltaic apparatus 101. Table 1 shoWs the results. 

TABLE 1 

Open Short 
Circuit Circuit Fill Maximum Conversion 
Voltage Voltage Factor Power Ef?ciency 

Example 1 1.00 1.02 1.05 1.10 1.10 
Comparative 1.00 1.00 1.00 1.00 1.00 
Example 1 

Referring to Table 1 , it has been proved that the open circuit 
voltage of the photovoltaic apparatus 1 according to Example 
1 is identical to that of the photovoltaic apparatus 101 accord 
ing to comparative example 1 . It has also been proved that the 
short circuit current and the ?ll factor of the photovoltaic 
apparatus 1 according to Example 1 are improved by 2% and 
5% With respect to those of the photovoltaic apparatus 101 
according to comparative example 1 respectively. It has fur 
ther been proved that the maximum poWer and the conversion 
ef?ciency of the photovoltaic apparatus 1 according to 
Example 1 are improved by 10% and 10% With respect to 
those of the photovoltaic apparatus 101 according to com 
parative example 1 respectively. 
The aforementioned results have conceivably been 

obtained for the folloWing reasons: In the photovoltaic appa 
ratus 1 according to Example 1 shoWn in FIG. 1, the photo 
electric conversion unit 6 formed to cover the inner side 
surfaces of the groove 20a electrically isolates the back elec 
trodes 7a and 7b from the portions of the intermediate layer 5 
for inhibiting the back electrodes 7a and 7b from an electrical 
short circuit With the portions of the intermediate layer 5, 
thereby conceivably improving the conversion e?iciency. In 
the photovoltaic apparatus 101 according to comparative 
example 1 shoWn in FIG. 10, on the other hand, the back 
electrode 107b embedded in the groove 12011 is in contact 
With the intermediate layer 5 in this groove 12011 to cause an 
electrical short circuit With the intermediate layer 105, and 
particles of the conductive intermediate layer 105 ?ying in all 
directions When the groove 120b is formed adhere to the inner 
side surfaces of the groove 120b to cause an electrical short 
circuit of the back electrode 107a and the intermediate layer 
105, conceivably resulting in reduction of the conversion 
e?iciency. 

(Second Embodiment) 
Referring to FIG. 11, a photovoltaic apparatus 21 accord 

ing to a second embodiment of the present invention com 
prises an insulating member 28 and a connecting electrode 
29, in Which the connecting electrode 29 electrically connects 
a substrate electrode 311 and a back electrode 7b With each 
other, dissimilarly to the aforementioned ?rst embodiment. 

In other Words, this photovoltaic apparatus 21 according to 
the second embodiment has a groove 2411 on the upper surface 
of a substrate electrode 3a, in Which a photoelectric conver 
sion unit 24 is formed to be embedded in a groove 30 as shoWn 
in FIG. 11. An intermediate layer 25 having a groove 2511 on 
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a region corresponding to the groove 24a is formed on the 
upper surface of the photoelectric conversion unit 24. An 
intermediate layer 26 having a groove 26a on a region corre 
sponding to the groove 25a is formed on the upper surface of 
the intermediate layer 25. Back electrodes 27a and 27b iso 
lated from each other by a groove 270 formed on a region 
corresponding to the groove 26 are formed on the upper 
surface of the photoelectric conversion unit 26. The photo 
electric conversion unit 24, the intermediate layer 25, another 
photoelectric conversion unit 26, and the back electrodes 27a 
and 27b of the photovoltaic apparatus 21 according to the 
second embodiment are so formed as to have the same thick 
nesses and compositions as those of the photoelectric conver 
sion unit 4, the intermediate layer 5, another photoelectric 
conversion unit 6 and the back electrodes 7a and 7b of the 
photovoltaic apparatus 1 according to the aforementioned 
?rst embodiment respectively. 

According to the second embodiment, the grooves 24b, 
25b, 26b and 27d constitute a groove 40 for electrically iso 
lating portions of the intermediate layer 25 from each other 
and electrically isolating the back electrodes 27a and 27b 
from each other. The groove 40 is an example of the “?fth 
groove” in the present invention. 

According to the second embodiment, an insulating mem 
ber 28 is formed to cover the inner side surface on the side of 
the back electrode 27b of the groove 40. The insulating mem 
ber 28 consists of epoxy resin containing aluminum oxide 
(A1203) particles. This insulating member 28 is formed to 
cover the overall side surface on the side of the back electrode 
27b of the groove 40. The upper surface of the insulating 
member 28 is so formed as to protrude upWard beyond the 
upper surface of the back electrode 27b. A connecting elec 
trode 29 is formed in a connecting passage portion 4011 
located at a prescribed interval through the insulating member 
28 from the inner side surface on the side of the back electrode 
27b of the groove 40. This connecting electrode 29 comes in 
contact With the surface of the substrate electrode 311 exposed 
in the connecting passage portion 40a, Whereby the connect 
ing electrode 29 is so formed to be electrically connected to 
the substrate electrode 311 and to be electrically connected to 
the back electrode 27b across the insulating member 28. 
Thus, the substrate electrode 311 and the back electrode 27b of 
the adjacent unit are serially connected With each other. The 
connecting electrode 29 consists of conductive paste (silver 
paste). The connecting electrode 29 is an example of the 
“conductive member” in the present invention. 

The groove 40 electrically isolates the back electrode 27a 
and the connecting electrode from each other on a region 
closer to the back electrode 27a of the groove 40 and includes 
a groove 40b for forming a prescribed interval betWeen the 
connecting electrode 29 formed in the connecting passage 
portion 40a and the inner side surface on the side of the back 
electrode 27a of the groove 40. The groove 40b is so formed 
as to pass through the back electrode 27a, the photoelectric 
conversion unit 26, the intermediate layer 25 and the photo 
electric conversion unit 24 and expose the surface of the 
substrate electrode 3a. The groove 40b is an example of the 
“sixth groove” in the present invention. 
A process of manufacturing the photovoltaic apparatus 21 

according to the second embodiment of the present invention 
is noW described With reference to FIGS. 11 to 14. Steps up to 
formation of the groove 30 in the substrate electrode 3 are 
similar to those for the photovoltaic apparatus 1 according to 
the ?rst embodiment shoWn in FIGS. 2 and 3. 

According to the second embodiment, as shoWn in FIG. 12, 
the photoelectric conversion unit 24 of the amorphous silicon 
semiconductor is formed on the upper surface of the substrate 
electrodes 3a and 3b to be embedded in the groove 30 by 
plasma CVD. Thereafter the intermediate layer 25 is formed 
on the upper surface of the photoelectric conversion unit 24 
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10 
by sputtering. The photoelectric conversion unit 26 of the 
microcrystalline silicon semiconductor is formed on the 
upper surface of the intermediate layer 25 by plasma CVD. 
Thereafter the back electrode 27 is formed on the upper 
surface of the photoelectric conversion unit 26 by sputtering. 
According to the second embodiment, the photoelectric 

conversion unit 24, the intermediate layer 25, the photoelec 
tric conversion unit 26 and the back electrode 27 are so 
continuously formed that the surfaces of the photoelectric 
conversion unit 24, the intermediate layer 25 and the photo 
electric conversion unit 26 are not exposed to the atmosphere. 
As shoWn in FIG. 13, the groove 40 constituted of the 

grooves 24a, 25a, 26a and 27a are formed to be adjacent to 
the groove 30 by scanning the photoelectric conversion unit 
24, the intermediate layer 25, the photoelectric conversion 
unit 26 and the back electrode 27 With second harmonics LB5 
of an Nd:YAG laser having a Wavelength of about 532 nm, an 
oscillation frequency of about 12 kHZ and average poWer of 
about 230 mW from the side of the substrate 2. Thus, the back 
electrode 7 is separated into the back electrodes 7a and 7b 
through the groove 2011. 
As shoWn in FIG. 14, the insulating member 28 is applied 

by screen printing, to cover the inner side surface on the side 
of the back electrode 27b of the groove 40 With the insulating 
member 28 and extend onto the back electrode 27b. Thereaf 
ter, as shoWn in FIG. 11, the connecting electrode 29 is 
applied to the connecting passage portion 4011 located at the 
prescribed interval through the insulating member 28 from 
the inner side surface on the side of the back electrode 27b of 
the groove 40 by screen printing to cover the insulating mem 
ber 28. The connecting electrode 29 comes into contact With 
the surface of the substrate electrode 311 exposed in the con 
necting passage portion 401;, Whereby the connecting elec 
trode 29 is electrically connected to the substrate electrode 311 
and electrically connected to the back substrate 27b across the 
insulating member 28. The groove 40b is formed for electri 
cally isolating the back electrode 27a and the connecting 
electrode 29 on the region closer to the back electrode 27a in 
the groove 40 and forming the prescribed interval betWeen the 
connecting electrode 29 formed in the connecting passage 
portion 40a and the inner side surface on the side of the back 
electrode 27a of the groove 40. 

According to the second embodiment, as hereinabove 
described, the insulating member 28 covering the inner side 
surface on the side of the back electrode 27b of the groove 40 
is provided, and the connecting electrode 29 for electrically 
connecting the substrate electrode 311 and the back electrode 
27b is provided at the prescribed interval through the insulat 
ing member 28 from the inner side surface on the side of the 
back electrode 27b of the groove 40, Whereby the connecting 
electrode 29 formed in the connecting passage portion 40a 
and the intermediate layer 25 are electrically isolated from 
each other by the insulating member 28. Therefore, the back 
electrode 27b and the intermediate layer 25 can be electrically 
isolated from each other. Thus, the back electrode 27b can be 
inhibited from an electrical short circuit With the intermediate 
layer 25. 

According to the second embodiment, the connecting elec 
trode 29 is provided independently of the back electrode 27 so 
that a manufacturing process of subsequently forming the 
back electrode 27 after forming the photoelectric conversion 
portion 26 and thereafter forming the groove 40 While form 
ing the connecting electrode 29 in the groove 40 can be 
employed, Whereby the surface of the photoelectric conver 
sion unit 26, to be most inhibited from contamination in the 
process of manufacturing the photovoltaic apparatus 21, can 
be prevented from exposure to the atmosphere. 

Although the present invention has been described and 
illustrated in detail, it is clearly understood that the same is by 
Way of illustration and example only and is not to be taken by 
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Way of limitation, the spirit and scope of the present invention 
being limited only by the terms of the appended claims. 

For example, While the groove 4a of the photoelectric 
conversion unit 4 and the groove 5a of the intermediate layer 
5 constitute the groove 20a electrically isolating the portions 
of the intermediate layer 5 in the aforementioned the ?rst 
embodiment, the present invention is not restricted to this but 
at least a groove cutting the intermediate layer may be alter 
natively formed to electrically isolate the same. 

While the insulating member does not ?ll up the groove 
40b for electrically cutting the back electrode 27a and the 
connecting electrode 29 in the aforementioned second 
embodiment, the present invention is not restricted to this but 
the insulating member may ?ll up the groove 40b for electri 
cally cutting the back electrode 27a and the connecting elec 
trode 29. 
What is claimed is: 
1. A photovoltaic apparatus comprising: 
a substrate having an insulating surface; 
a ?rst substrate electrode and a second substrate electrode 

formed on said insulating surface of said substrate and 
isolated from each other by a ?rst groove; 

a ?rst photoelectric conversion portion so formed as to 
cover said ?rst substrate electrode and said second sub 
strate electrode; 

a second photoelectric conversion portion formed on the 
surface of said ?rst photoelectric conversion portion 
through a conductive intermediate layer; 

a ?rst back electrode and a second back electrode, formed 
on the surface of said second photoelectric conversion 
portion, corresponding to said ?rst substrate electrode 
and said second substrate electrode respectively; 

a connecting passage portion constituting a groove for 
electrically connecting said ?rst substrate electrode and 
said second back electrode, provided at a prescribed 
interval from the side surface of said intermediate layer 
so as not to expose the side surface of the intermediate 
layer; and 

a back electrode separation groove for electrically isolating 
said ?rst back electrode and said second back electrode 
from each other, provided at a prescribed interval from 
said connecting passage portion, 

Wherein said back electrode separation groove exposes the 
surface of said ?rst substrate electrode so as not to 
expose the side surface of said intermediate layer. 

2. The photovoltaic apparatus according to claim 1,further 
comprising: 

a second groove so provided as to isolate at least said 
intermediate layer to expose the inner side surface of 
said intermediate layer and cover at least the inner side 
surface closer to said ?rst groove of exposed said inter 
mediate layer With said second photoelectric conversion 
portion, Wherein said connecting passage portion 
includes 

a third groove so formed at a position spaced at a prescribed 
interval through said second photoelectric conversion 
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portion inside said second groove from the inner side 
surface closer to said ?rst groove of said intermediate 
layer, as to expose the surface of said ?rst substrate 
electrode. 

3. The photovoltaic apparatus according to claim 2, 
Wherein said back electrode separation groove is formed on a 
region on the side opposite to said ?rst groove With respect to 
said third groove, and 

said secondback electrode ?lls up said third groove formed 
at a position spaced at a prescribed interval from the 
inner side surface of said intermediate layer exposed in 
said second groove and is electrically connected to said 
?rst substrate electrode by coming into contact With the 
surface of said ?rst substrate electrode exposed in said 
third groove. 

4. The photovoltaic apparatus according to claim 1, 
Wherein said back electrode separation groove is formed 
inside a region formed With said second groove. 

5. The photovoltaic apparatus according to claim 3, 
Wherein said back electrode separation groove is formed at a 
position spaced at a prescribed interval through said second 
photoelectric conversion portion inside said second groove 
from the inner side surface on the side opposite to said ?rst 
groove of said intermediate layer exposed in said second 
groove. 

6. The photovoltaic apparatus according to claim 2, 
Wherein the inner side surface on the side opposite to said ?rst 
groove of said intermediate layer exposed in said second 
groove is also covered With said second photoelectric conver 
sion portion. 

7. The photovoltaic apparatus according to claim 6, 
Wherein said second photoelectric conversion portion is so 
formed as to cover the inner side surface on the side opposite 
to said ?rst groove of said ?rst photoelectric conversion por 
tion exposed in said second groove in addition to the inner 
side surface on the side opposite to said ?rst groove of said 
intermediate layer exposed in said second groove. 

8. The photovoltaic apparatus according to claim 2, 
Wherein said second photoelectric conversion portion is so 
formed as to cover the inner side surface closer to said ?rst 
groove of said ?rst photoelectric conversion portion exposed 
in said second groove in addition to the inner side surface 
closer to said ?rst groove of said intermediate layer exposed 
in said second groove. 

9. The photovoltaic apparatus according to claim 2, 
Wherein said second groove is so formed as to pass through 
said intermediate layer and said ?rst photoelectric conversion 
portion and expose the surface of said ?rst substrate elec 
trode. 

10. The photovoltaic apparatus according to claim 1, 
Wherein said intermediate layer has a function of partly 
re?ecting and partly transmitting light incident from the side 
of said substrate. 


